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INTRODUCTION
Heart failure is a worldwide problem with high morbidity and mortality rates [1] . Congestive heart failure (CHF) is a state in which the heart becomes less efficient to pump blood. CHF has different forms such as systolic, diastolic, left-sided and right-sided heart failure [2] . Systolic heart failure is the most common type, caused by a failure in the contraction of heart muscles. This failure in contraction of the heart wall can be identified using various cardiac imaging data.
Principal component analysis (PCA) is a statistical technique that is widely used for pattern identification in large datasets with its main applications in fields such as face recognition (eigenfaces) and image compression [3, 4] . Recently, the PCA techniques have been used in the contour detection of the heart images [5, 6, 7] and for lungs outline reconstruction [8] . In this paper, a technique to diagnose the contraction failure of heart muscle is presented using a PCA technique, referred hereafter as Eigenhearts.
Eigenhearts are obtained from echocardiography (echo) images, which is chosen over the other cardiac imaging techniques (MRI, CT). Echocardiography has the following advantages: reliable; harmless; less expensive method; and suitable for determining valve disease, left ventricle (LV) wall thickness, and the regional wall motion abnormalities [1] .
METHODOLOGY
Eigenhearts, a PCA technique applied to the heart echo images, is one of the simple methods that work efficiently for pattern recognition problem. In this technique, the eigenvalues and eigenvectors of the covariance matrix for the echo image set is computed. Any heart image could then be represented as a weighted sum of these eigenvectors in a multidimensional heart space. To recognize a new heart image, the image should be within the heart space and should be close to one of the images in the image set. The mathematical derivation for the calculation of the eigenhearts and classification of heart images is detailed in next two sections, respectively.
A set of patient's echocardiograph images is simulated. The heart position at the systole and diastole phase is significant to get information on the contractility of the heart wall. The difference image between systolic and diastolic postures of the simulated echo data is computed and stored in a database. The Eigenhearts technique is applied to this difference image database. When a new patient's ultrasound image is obtained, the difference image is calculated and the Euclidean distance between this new heart image and the heart space is determined. If there is a similar case in the database, the new image will be close to that image and a similar condition could be recognised, helping in locating the contraction failure of the heart muscle. Once the contraction failure is detected, the risk of getting CHF in the future can be diagnosed. The records of other heart images from the same heart class could also be located and used as physician's cross-reference. When a similar case is not present, the input image is classified as a new heart class and the database is updated with this image and its medical records for future reference.
Calculating Eigenhearts from scan images
The calculation of the eigenhearts from the scan images is similar to the calculation of the eigenfaces from a face set [3, 4] . Firstly, a database is formed with a set of M heart scan images, F1, F2, F3 ... F , consisting of both normal and abnormal cardiac movements. The eigenhearts are formed from these scan images, which then become the basis of the heart space. The average image of the M scan images is calculated by 1nM 
Eigenhearts (which is a set of M orthonormal vectors, Uk ) and their associated eigenvalues, %k of the above covariance matrix C are calculated [3] to best illustrate the distribution of the data.
Using Eigenhearts for classification of the heart
The Eigenhearts calculated as shown in the previous section were arranged in order of significance, based on their eigenvalues. The heart images can be described and classified using the top M' Eigenhearts (more significant), while the less significant ones can be ignored to reduce computation. (1) Segment 11, (2) Segment 7, (3) Not a heart. 'leave one out method'. The variance between the images in the database is low and hence the number of top eigenvectors used for recognition must be high to give discrimination. Fig 3 shows Various image-processing techniques are used routinely for the diagnosis of the abnormal heart contraction from patient data. In this paper, a new eigenhearts technique is applied to the difference echo images to locate such contraction failures in the heart wall. The simulated experimental results show that this technique gives an overall detection rate of about 60%, which could be improved by the making the database larger, and optimising thresholds. Dividing the difference images into 6 segments can extend this approach further and each segment could then be compared with the corresponding segment database to classify the level of severity. Once the contraction failure is diagnosed and located, the increased chance of the person developing a heart failure could be diagnosed, helping in early treatment for the condition. Also, the records of the patients with similar condition can readily be identified for cross-reference.
